Introduction
A tourniquet is used regularly when performing an orthopaedic operation on a limb in order to avoid excessive bleeding and to provide a bloodless field. The adverse effects of pneumatic tourniquets have been report as pain, paralysis, tendon rupture, pulmonary embolism, hypertension, tachycardia and increased body temperature during general anaesthesia [7, 15] . Pain at the operation site is common after a procedure and should be controlled to enable optimal recovery [11] . We have analysed the relationship between the intensity of postoperative pain and the use of a pneumatic tourniquet during operations on the upper limb.
Patients and methods
This prospective study was completed within a year and included patients between 15 and 70 years of age with closed fractures of the shafts of the radius and ulna. Those who had major cranial, thoracic or spinal injuries, other fractures or peripheral neuropathy were excluded from this study. Patients were divided into two groups "tourniquet" (T) and "control" (NT). The patients were randomised in order of their admission into hospital, with the odd numbered patients allocated to the T group and the even numbered to the NT group. Informed consent was obtained from them all.
For statistical analysis we used the t-test for independent samples, the t-test for paired samples, the Mann-Whitney Utest and the Kolmogorov-Smirnov (K-S) test in both groups. The level of significance was set at P<0.05.
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International Orthopaedics (SICOT) (1998) 22:369-373 was 27.4±14.9 in the NT group and 26.5±15.3 in the T group. According to the AO classification [12] there were ten type A fractures, 4 type B and 2 type C in the NT group and 9 type A, 7 type B and 0 type C in the T group. The average period between the time of admission and operation was 4.8±1.9 [2] [3] [4] [5] [6] [7] [8] days for the NT group and 5.1±2.1 [2] [3] [4] [5] [6] [7] [8] [9] days for the T group. The operations were performed by the same surgical team. Inhalation anaesthesia was used to avoid the risk of tourniquet pain. Premedication was administered with diazepam and atropine 30 min before operations. A standardised anaesthetic was used with thiopental and a muscle relaxant for induction and intubation followed by oxygen, halothane and N 2 O for maintenance.
The limb was exsanguinated with an Esmarch bandage and a tourniquet, 9.5 cm wide was used. A pressure of 200 to 250 mm/hg was applied. Internal fixation was undertaken using plates and screws. The average time for operation was 77.8±16.4 [60-120] min for the NT group and 66.9±18.5 [50-105] min for the T group. The tourniquet was deflated after internal fixation was completed and meticulous haemostasis carried out. The patients with a tourniquet were divided into two sub-groups of "less than 60 min" and "60-120 min". The average tourniquet time was 53.3±2.6 [50-55] min in the "less than 60 min group" and 83.0±14.6 [65-110] min in the "60-120 min group". Closed suction drains were used routinely and removed after 48 h. An above elbow cast with the forearm in full supination was applied for the first 48 h. Diclofenac sodium was used as an analgesic in all patients, intramuscularly if desired. The maximum dose was 150 mg/day. Postoperative pain was assessed using a present pain intensity (PPI) scale [10] and the visual analogue scale (VAS) [8] . All the interviews were conducted by the same author (OG), who did not know which group the patient belonged to. The patients were assessed at 24 and 48 h after operation, and asked as to their pain at the operation site before and one hour after receiving analgesic on the first and second postoperative days. The pain was graded as "no pain"=0, "mild pain"=1, "discomfort"=2, "distress"=3, "horrible"=4, "excruciating"=5. The visual pain status was analysed by the subject's marking a 100 mm line where 0 represented no pain and 100 for the worst possible pain.
Results
The average verbal and visual pain scores of the NT group were significantly less than those of the T group both on the first and second days after operation (Table 1) . This difference is more evident after receiving the analgesia.
The relationship between the intensity of postoperative pain, sex, the age of the patient and the type of fracture is shown in Table 2 . In males there was a significant difference between the average pain scores in the two groups after receiving analgesic, which was most marked on the first day after operation. The use of a tourniquet seemed to cause more severe pain in females and this was most obvious on the second postoperative day. When patients were divided into those under 30 years of age and those over, no significant difference was found between the NT and T groups in the younger patients, but there was a significant difference in those who were older. The fractures were grouped as "mild" (type A) and severe (types B and C). After receiving analgesia there was a significant difference between the average scores of the NT and T groups than those with B and C fractures, on the first and second postoperative days.
The length of use of the tourniquet was not found to be an important factor in the intensity of postoperative pain [ Table 3 ]. However, the pain scores in the "less than 60 min" group were slightly less than in the "60-120 min" group.
The use of analgesics significantly lessened the pain in both groups on the first and second postoperative days, and better relief was obtained in the NT group (Fig. 1) .
In two patients mild tourniquet paralysis was observed but both settled completely within two months. Both had tourniquets of more than one hour. The first was a 30-year-old woman who had a tourniquet applied for 105 min. She had severe pain, even after analgesic, during the first two days after operation. The second was a 19-year-old male who had a tourniquet inflated for 90 min. His pain scores were similar to the average for his group.
Discussion
We have demonstrated a strong relationship between the severity of pain after operation and the use of a tourniquet after surgical treatment of fractures of the forearm. Ischaemia may produce acute inflammation, degeneration and necrosis of muscle fibres, followed by phagocytosis and regeneration. A 15-90 min period of tourniquet induced ischaemia may produce harmful effects on the ultrastructure of skeletal muscles. Pathological changes include accumulation of lipid droplets, intrafibrillary and interfibrillary oedema and thickening of the basement membrane of the epithelium. The severity of these changes depends on the period of ischaemia [1, 13] . We found slightly lower pain scores in those with shorter tourniquet times. The use of a nonsteroidal analgesic anti-inflammatory drug may have helped combat the inflammation and oedema following use of the tourniquet. Even a non-narcotic analgesic will provide nearly complete analgesia in those who have not had tourniquets. The use of an Esmarch bandage may cause additional damage.
It has been previously noted that postoperative pain is higher in older patients [11] . We found that avoidance of the tourniquet improved analgesia in both older patients and males, and if used it was best to apply for less than an hour.
Although a bloodless field for operating may be useful in severely comminuted fractures of the diaphyses, it is not always necessary for other procedures. Careful haemostasis during the operation may slightly prolong the operative time, and we found that operations were completed approximately 10 min quicker when a tourniquet was used.
Tourniquet pain which is a severe, dull, aching sensation at the site of the tourniquet or in the limb may be refractory to treatment despite satisfactory anaesthesia. It occurs particularly during spinal or epidural anaesthesia in the leg and regional anaesthesia in the upper limb. Its cause is not certain [2, 4, 6] , but it is directly related to the time for which the tourniquet is used and technique of anaesthesia [14, 15] .
Excessive or insufficient pressure, prolonged use and application without careful consideration of the local anatomy may lead to tourniquet paralysis [3] . We encountered this complication twice, both with a tourniquet which was used for a long period. We recommend that a tourniquet be used for less than an hour or if it is required longer than this it should be deflated for ten minutes and then reinflated [3] .
A significant increase in both systolic and diastolic blood pressure has been observed in volunteers who received neither medication or anaesthesia after application of a tourniquet to their arms [5, 9] . This is though to be due to an increase in serum cortisol and plasma norepinephrine [6] .
A wide tourniquet should be used in order to lessen the possibility of complication and the level of inflation should be kept as low as possible [3, 7] . 
